ߜ The familial occurrence of intracranial aneurysms has been well described. However, intracranial aneurysms are not rare and the great majority of reported families consist of only two affected members. Therefore, the familial aggregation of intracranial aneurysms could be fortuitous. The authors investigated the familial occurrence of aneurysmal subarachnoid hemorrhage (SAH) in their community to determine whether family members of patients with a ruptured aneurysm are at an increased risk of developing an SAH.
HE etiology of intracranial aneurysms is not well understood and is likely to be multifactorial. Acquired factors are probably important because it has been shown that the incidence of aneurysmal subarachnoid hemorrhage (SAH) increases with age, 7, 8, 14 and various risk factors such as hypertension, smoking, and atherosclerosis have been proposed. 21 The familial occurrence of intracranial aneurysms in some cases 18 and their association with certain heritable disorders, 17, 18 however, suggest the possibility of a genetically determined underlying defect of the arterial wall.
Although many families with documented intracranial aneurysms have been described 18 since the initial report in 1954 by Chambers and colleagues, 4 no comprehensive studies on the frequency of familial intracranial aneurysms have been reported until recently. In 1987, Norrgård, et al., 13 reported that 5.1% of patients in north Sweden with aneurysmal SAH had a family history of intracranial aneurysms and, in 1993, Ronkainen, et al., 15 reported a similar percentage for patients from east Finland (8.8%). However, the lack of a control population in these and other studies on the familial occurrence of intracranial aneurysms is an important factor, because intracranial aneurysms are found in at least 1% of the general population, 2 and the great majority of families with reported intracranial aneurysms have consisted of only two affected members 18 (although families with as many as seven or eight affected relatives have also been described 16, 18 ). On the basis of chance alone, it has been estimated that as many as 6% 22 or 9% 5 of patients with aneurysmal SAH may have a first-to third-degree relative with a ruptured intracranial aneurysm. The familial aggregation of intracranial aneurysms could therefore be fortuitous in most families. Also, it is not known whether the findings from the Scandinavian studies can be extrapolated to a North American population. For example, the incidence of aneurysmal SAH has been reported to be significantly higher in Finland than in our community, 8 a possible confounding factor. The present study was undertaken to document the occurrence of familial intracranial aneurysms in a North American population and to determine the likelihood that the familial aggregation of intracranial aneurysms is fortuitous. The null hypothesis is that there is no increased incidence of intracranial aneurysms among relatives of affected patients when compared to the general population.
Clinical Material and Methods
The unique features of the medical record linkage system used for epidemiological studies in Rochester, Minnesota, have been described previously. 9, 23 The medical services in Rochester are provided almost entirely by the Mayo Clinic and its affiliated hospitals and a smaller group practice, the Olmsted Medical Group, and its affiliated hospital. Diagnoses of all local residents receiving care at medical facilities in and around Rochester are coded into a computer database. This ensures virtually complete ascertainment of all diagnosed cases in the population, including diagnoses made at autopsy. Using this comprehensive diagnostic index, all patients from Rochester who suffered an SAH from a documented aneurysmal rupture between January 1, 1970 and December 31, 1989 were identified. The diagnosis of SAH was made by lumbar puncture, computerized tomography, surgery, or postmortem examination, and the presence of an intracranial aneurysm was confirmed by angiography, surgery, or postmortem examination.
A letter was sent to each patient or one of their relatives explaining the details of our study. Then, through a telephone interview, information was obtained about the occurrence of SAH in the family, and the number and ages of all first-degree relatives (parents, siblings, and children). Medical records were reviewed for all relatives who were said to have had an SAH. The diagnosis of aneurysmal SAH in family members was made by applying the criteria mentioned above to the hospital and/or autopsy records. Thus, only family members with proven aneurysmal SAH were included. The study was approved by the Institutional Review Board and the Medical/Industry Relations Committee of the Mayo Clinic and Mayo Foundation.
The sex, age at diagnosis of SAH, and current age or age at death were recorded for all first-degree relatives. The expected number of first-degree relatives affected with SAH was computed by means of the populationbased incidence rates of proven or suspected aneurysmal SAH in Rochester, Minnesota, which are age-, sex-, and calendar-year specific (JP Whisnant and RD Brown Jr, unpublished data). 7, 8, 14 These rates were applied to the accumulated number of person-years for each 5-year calendar year period and 10-year age interval. The relative risk of SAH for family members versus the general population was estimated as the ratio of the total observed number of cases to the total expected, adjusted for age, sex, and calendar year. Confidence intervals (CI) for relative risks were estimated using the Poisson distribution. Comparisons between index patients with versus without a family history of SAH were made with Wilcoxon's rank sum statistic for age and with chi-square statistics for frequency counts. Fisher's exact test was used when numbers were small. The cumulative incidence of SAH was estimated by using the Kaplan-Meier method to account for censored data; people were censored for SAH when they did not have SAH by their last known age, or they died from other causes.
Results
During the 20-year period under study, 81 patients with an SAH from a documented intracranial aneurysm were identified among the population of Rochester, Minnesota. Of these 81 index patients, five (6%) could not be contacted to determine their family history; the remaining 76 patients (94%), for whom complete follow-up data are available, are the focus of this report. The mean age of these 23 men and 53 women was 54 years (range 10 to 84 years). Fifteen (20%) (95% CI 11.5%-30.5%) of the 76 patients had a first-or second-degree relative with aneurysmal SAH. Two family members were affected in 13 families and three family members in two families. The pedigrees of the 15 families are shown in Fig. 1 . The affected relatives either were not residents of Rochester or suffered their SAH before or after the study period; thus, none of the probands were relatives of other probands.
Heritable disorders associated with the development of intracranial aneurysms had been diagnosed in only one patient who had autosomal dominant polycystic kidney disease 19 but no family history of intracranial aneurysms. Clinical characteristics of patients with a positive family history were compared to those with a negative family history (Table 1) , and there were no significant differences for age of diagnosis, sex, location of the ruptured aneurysm, or the presence of multiple intracranial aneurysms.
The 76 patients had a total of 608 first-degree relatives, with an average of 8 per index case and an average age of 45 years. The number of observed first-degree relatives with aneurysmal SAH was 11, compared to an expected number of 2.66, giving a relative risk of 4.14 (95% CI 2.06-7.40; p Ͻ 0.001). Hence, first-degree relatives were at a statistically significant elevated risk of aneurysmal SAH compared to the general population. In Table 2 we present relative risks according to type of first-degree relation. The largest risk was among siblings, although the relatively small number of observed cases makes it difficult to reliably compare these subgroups. The absolute risk for first-degree relatives, as estimated by the cumulative incidence of aneurysmal SAH, ranged from 1.1% at age 50 to 9.0% at age 90 (Table 3) .
Discussion
In Rochester, Minnesota, 20% of patients with aneurysmal SAH have a first-or second-degree relative with a proven ruptured intracranial aneurysm, a higher percentage than in previous reports from other countries. It should be noted that the population of Rochester is very homogeneous; more than 95% is Caucasian, the majority of whom are of Northern European descent (U.S. census data). Various studies have shown that significant differences in the incidence of SAH exist among various racial groups, possibly reflecting genetic factors, differences in life style, or even access to medical care. 3, 11, 12 Racial differences could also exist in the frequency of familial intracranial aneurysms.
The lack of controls in previous studies on the familial occurrence of intracranial aneurysms and the observation that most reported families have consisted of only two affected members are factors that have led some researchers to state that the familial aggregation of intracranial aneurysms is most likely fortuitous, at least in the great majority of cases. 5, 21 Comparing the expected and observed number of relatives with aneurysmal SAH in a well-defined population, the present study demonstrates that the familial aggregation of intracranial aneurysms is not fortuitous. Compared to the general population, firstdegree relatives of a patient with a ruptured intracranial aneurysm had a fourfold increased risk of suffering an aneurysmal SAH; this risk may be highest for siblings. Although only patients with an SAH from a proven intracranial aneurysm were included in our study, we used the incidence rates of SAH from both proven and suspected aneurysms for comparison, because the search for a source of the hemorrhage may have been more thorough in patients with a known family history of aneurysmal SAH. The response rate in our study was 94%, making it unlikely that a possibly lower rate of familial occurrence among nonrespondents could have contributed significantly to the observed increased relative risk among firstdegree relatives.
The Scandinavian studies on familial intracranial aneurysms only included hospitalized patients. 13, 15 It has been shown, however, that hospitalized patients with aneurysmal SAH are not identical to all patients with aneurysmal SAH in a community. 24 This may be of some importance because, for example, in the study by Norrgård, et al., 13 it was found that basilar artery aneurysms were overrepresented in the familial aneurysm group. It has been shown that these aneurysms in particular have a poor prognosis and that many patients with ruptured posterior circulation aneurysms never reach the hospital. 20 In the present community-based study, we found no statistically significant differences in the location of the ruptured intracranial aneurysm between familial and nonfamilial cases, although our data are not inconsistent with those of previous investigators who found aneurysms of the anterior cerebral artery complex to be relatively uncommon among familial patients.
1,6,10,15 Also, we were not able to detect a significant difference in age, sex, or multiplicity of aneurysms, characteristics that have previously been reported to be different between familial and nonfamilial cases. 1, 6, 10, 22 However, the relatively small number of patients in our study precludes firm conclusions.
Conclusions
The familial occurrence of aneurysmal SAH is fairly common. Our finding that approximately one of five patients with aneurysmal SAH has familial disease should be considered a minimum because only cases of proven intracranial aneurysms were included. Although the majority of familial occurrences consisted of only two affected members, the familial aggregation of ruptured intracranial aneurysms is not fortuitous. Among first-degree relatives of a patient with a ruptured intracranial aneurysm, the increase in risk of an aneurysmal SAH is approximately fourfold.
